We describe an immunopanning protocol to isolate, enrich, and culture spinal motor neurons from rat embryonic spinal cords. The method takes advantage of several distinct properties of rat lower motor neurons to isolate them from neighboring cells. First, an ideal stage in development after motor neurons are born (embryonic day 14 during rat gestation), but prior to extensive axonal extension or developmental apoptosis, is exploited. Lower motor neurons cannot be viably isolated using this method after birth. After dissociating embryonic spinal cord tissue, which contains lower motor neurons among many other cell types, the uniquely large motor neurons are enriched using density gradient centrifugation. Finally, the collected cell population is further purified based on selective immunopanning for motor neurons, which express the low-affinity nerve growth factor (NGF) receptor often referred to as p75. The near-pure lower motor neuron cultures are plated and seeded in defined conditions optimal for survival and can be maintained for several weeks. The expected yield is approximately 70,000 cells per embryonic spinal cord. 
Motor neuron growth medium, freshly prepared <R> Mouse anti-p75 NGF receptor antibody (Abcam ab6172)
These antibodies are specific for rat p75. Alternatively, use undiluted supernatant from 192 hybridoma cells (see Step 4). Contact Ben Barres for hybridoma clone information.
PBS (calcium-and magnesium-free; Cellgro 21-031-CV)

Poly-D-lysine
To prepare a 1 mg/mL stock of poly-D-lysine, add 5 mL of water to a 5-mg bottle of poly-D-lysine (Sigma-Aldrich P6407). Filter through a 2-μm filter. Make 100-μL aliquots and store at −20˚C.
Tris-HCl (100 mM, pH 7.4) i. Rinse ethanol-washed coverslips with sterile dH 2 O four times in a Petri dish. Then place one coverslip in each well of a 24-well tissue culture plate.
ii. Add 0.5 mL of sterile 20 μg/mL poly-D-lysine to each well and incubate for 30 min. Make sure that the coverslips are not floating and that they are completely submerged.
iii. Discard the poly-D-lysine solution, and rinse the wells three times with sterile dH 2 O, leaving dH 2 O in the wells after the last rinse. Cover the tray, and store overnight.
On the next day, proceed to Step 3.
2.
Coat an immunopanning dish with secondary antibody.
i. In a sterile hood, add 12 mL of goat anti-mouse IgG solution (3.75 μg/mL of goat antimouse IgG in 100 mM Tris-HCl [pH 7.4]) to a 100-mm Petri dish.
Prepare cell culture growth substrate and immunopanning dish.
Steps 1-4 1 h day 1; 30 sec day 2 Dissect spinal cords from day 14 embryos.
Step 5 1-2 h day 2 Separate and collect larger cells at interface above metrizamide layer after centrifugation.
Steps ii. Swirl the dish to cover the entire surface with antibody solution, cover, and store it at 4˚C overnight on a level surface.
On the next day, proceed to Step 4.
3. Coat the coverslips with human placental laminin solution.
i. Discard the dH 2 O from the wells, and add 0.3 mL of human placental laminin solution to each well. Make sure that the coverslips are not floating and they are completely submerged.
ii. Store the coverslips in the cell culture incubator until it is time to plate the cells.
4.
Coat the immunopanning dish with primary antibody.
i. In a sterile hood, decant the anti-mouse IgG solution from the Petri dish and rinse three times with PBS.
ii. Add 10 mL of mouse anti-p75 NGF receptor antibody solution (1-10 μg/mL in PBS) to the Petri dish, cover, and set on a flat surface for at least 2 h.
Alternatively, use 10 mL of undiluted supernatant from a 192 hybridoma clone.
Dissect Embryonic Spinal Cords
This motor neuron purification procedure is specialized for derivation from embryonic day 14 rat spinal cords (day zero is the plug-check day after overnight mating).
Isolate embryonic spinal cords.
i. Euthanize a pregnant rat with CO 2 . Rapidly dissect the lower abdomen and remove the uterus containing the embryos. Place the uterus into a sterile 100-mm Petri dish.
ii. Remove the embryos and embryonic sac from the uterus using fine-tip forceps and/or small surgical scissors. Place each embryo in a 60-mm Petri dish containing ice-cold sterile PBS.
iii. Decapitate each embryo at the infracranial notch just below the base of skull using fine-tip forceps or small curved scissors with the aid of a dissection microscope.
iv. Place the embryo ventral side down in the dish and position it so that the caudal end is to your nondominant hand. Use fine-tip forceps to remove the skin overlying the spinal cord, moving rostral to caudal.
v. Reposition the embryo with the rostral end of the spinal cord facing you. Gently use the forceps to work the enlarged portion of rostral spinal cord free from any remaining meninges or tissue, and obtain a clean tissue plane.
vi. With one set of forceps, pin down the embryo by puncturing at the level of each limb (taking care to avoid the spinal cord). Take hold of the rostral end of the spinal cord and, keeping the end of the cord steady, gently pull the body toward yourself from beneath to remove the cord from the body. Try to keep the entire cord intact.
vii. Carefully examine the spinal cord and use fine-tip forceps to remove any remaining meninges and/or dorsal root ganglia.
viii. Place the embryonic spinal cord into a Petri dish containing ice-cold sterile PBS. Repeat Steps 5.iii-5.vii for each embryo, and place the embryonic spinal cords into the same dish.
Dissociate Spinal Cord Tissue
6. Trypsinize the spinal cords. i. In a sterile hood, transfer the spinal cords to a sterile 15-mL conical tube containing 2 mL of trypsin solution. Incubate for 15 min in a 37˚C water bath, agitating every 3 min.
ii. Return the tube to the sterile hood, allow the tissue to settle, and discard as much trypsin solution as possible without losing tissue.
7. DNase-treat and triterate the spinal cord tissue. i. Add 2 mL of Leibovitz's L-15 medium (L-15) supplemented with 0.2% BSA, 5% fetal bovine serum, and 0.02% DNase to the tube and agitate for 2-3 min.
ii. Allow the tissue pieces to settle for 2 min and then collect the supernatant into a tube containing 4 mL of L-15. Layer this initial cell suspension slowly on top of a 1-mL cushion of 4% BSA. Centrifuge at 245g for 10 min.
iii. During the centrifugation, add 2 mL of L-15 supplemented with 0.4% BSA and 0.004% DNase to the remaining cord tissue and slowly triturate two to three times until the suspension is cloudy. Allow the tissue pieces to settle for 2 min. After the tissue has settled, add the supernatant to a tube containing 1 mL of L-15.
vi. Repeat
Step 7.iii until no tissue pieces remain. Combine all cell suspensions into one tube.
v. Retrieve the tube from the centrifuge, decant the supernatant, and resuspend the pellet in 1 mL of L-15. Add this cell suspension to rest of the cell suspensions collected in Step 7.vi.
Separate Cells by Density Gradient Centrifugation
8. Slowly layer the cell suspension from Step 7.v on top of a sterile 2-mL cushion of metrizamide solution in a 15-mL conical tube. Do not disturb the interface.
Alternatively, use OptiPrep Density Gradient Medium or Histodenz instead of metrizamide. Concentrations, temperature, time, and centrifugal force must be optimized with these alternative solutions.
9. Centrifuge the layered tube at 515g for 15 min at 4 o C with no brake.
Carefully collect the cell layer that contains the motor neurons (at the interface between the metrizamide and L-15 solutions). Add these cells to a tube containing 6 mL of L-15.
11. Slowly layer the collected cell suspension on top of a 1-mL cushion of 4% BSA. Centrifuge for 10 min at 245g.
Collect Lower Motor Neurons by Immunopanning
12.
Discard the supernatant and resuspend the cell pellet in 10 mL of L-15. Transfer the cells to a 30-mL polystyrene universal container. Screw the cap on tightly and incubate for 90 min at 37˚C.
13.
Immediately before the end of this incubation, decant the antibody solution from the immunopanning Petri dish (from Step 4.ii), and rinse the dish three times with PBS.
14. Add the cell suspension to the panning Petri dish, cover, and incubate on a flat surface for 60 min.
15. After the incubation, swirl the Petri dish, and discard the supernatant.
Rinse the dish three times with PBS to remove loosely attached cells.
17. Add 4 mL of PBS and examine under an inverted phase-contrast microscope. Motor neurons are phase bright. If floating or loosely attached phase-dark cells remain, rinse with PBS two more times.
18. Discard the final PBS wash. Add 3 mL of trypsin solution, cover, and incubate at 37˚C for 2-3 min to detach motor neurons from the Petri dish.
19. Add 7 mL of sterile 30% FBS in PBS, swirl, and then pipette the solution up and down across the entire surface of the Petri dish, washing the attached cells into the solution. Collect the cell suspension into a 15-mL conical tube.
20. Add another 3 mL of 30% FBS in PBS to the Petri dish. Collect the remaining cells as described in
Step 19.
21.
Rinse the plate with PBS, and examine it under an inverted phase-contrast microscope. If motor neurons remain attached to the dish, repeat
Step 20 until all cells have been collected in the 15-mL conical tube.
Plate and Culture Lower Motor Neurons
22. Centrifuge the cell suspension for 10 min at 245g with no brake.
23. Decant the supernatant and resuspend the pellet in 1 mL of freshly prepared motor neuron growth medium.
24.
Mix 10 μL of cell suspension with 10 μL of trypan blue, and count unstained cells on a hemacytometer using an inverted phase-contrast microscope. Determine the cell density.
25.
Add an appropriate volume of motor neuron growth medium to the cell suspension to yield between 20,000 (low density) and 50,000 (high density) cells/mL.
26.
Retrieve the tissue culture plate that contains the poly-D-lysine-and laminin-coated coverslips (from Step 3.ii).
27. Discard the laminin solution from the wells of the tissue culture plate.
28. Add 0.6 mL of cell suspension to each well.
29.
Cover the plate and incubate it in the cell culture incubator.
30. Exchange 0.3 mL of culture supernatant with 0.3 mL of motor neuron growth medium every 3-4 d.
31.
To reduce the proliferation of residual astrocytes in long-term cultures, add 100 nM of cytosine arabinoside to motor neuron cultures during days 4 and 8. (This does not noticeably harm the neurons.)
Cultured motor neurons are rounded when initially plated onto the growth substrate, and then project an elaborate array of axons and dendrites within 5 d (Fig. 2) . Lower motor neuron cell cultures can be maintained for several weeks.
RELATED INFORMATION
This protocol was derived from methodology first reported by Camu and Henderson (1992) . It has been modified only slightly by Ben Barres' and our laboratories. To prepare, dilute brain-derived neurotrophic factor (BDNF; Sigma-Aldrich B3795) to 10 μg/ mL with sterile 0.2% BSA in Dulbecco's phosphate-buffered saline (D-PBS; HyClone SH30264.01). Make 20-μL aliquots, flash freeze in liquid nitrogen, and store at -80˚C.
CNTF Stock (10 μg/mL)
To prepare, dilute ciliary neurotrophic factor (CNTF; Peprotech 450-13) to 10 μg/mL with sterile 0.2% BSA in Dulbecco's phosphate-buffered saline (D-PBS; HyClone SH30264.01). Make 20-μL aliquots, flash freeze in liquid nitrogen, and store at -80˚C.
Forskolin Stock (4.2 mg/mL)
To prepare, add 1 mL of sterile DMSO to a 50-mg bottle of forskolin (Sigma-Aldrich F6886) and pipette up and down until the powder is fully resuspended. Transfer to a 15-mL conical tube and add an additional 11 mL of DMSO to achieve a final concentration of 4.2 mg/mL. Store in 20-and 80-μL aliquots at −20˚C. SATO Supplement (100×)
1. Prepare the following stock solutions (these should be made fresh; do not re-use):
• Combine 5 mg of progesterone (Sigma-Aldrich P8783) and 200 μL of ethanol to make a progesterone stock solution.
• Combine 4 mg of sodium selenite (Sigma-Aldrich S5261), 10 μL of 1 N NaOH, and 10 mL of Dulbecco's modified Eagle's medium (DMEM; Gibco/Life Technologies 11960-044) to make a sodium selenite stock solution. 320 mg 1.6 mg/mL Progesterone stock solution 50 μL 6 μg/mL Sodium selenite stock solution 2 mL 4 μg/mL 3. Bring to a total volume of 200 mL in DMEM, and then filter-sterilize. Aliquot and store at −20˚C.
T3 Stock (4 μg/mL)
To prepare, dissolve 3.2 mg of 3,3 ′ ,5-triiodo-L-thyronine sodium salt (T3; Sigma-Aldrich T6397) in 400 μL of 0.1 N NaOH. Add 10 μL to 20 mL of Dulbecco's phosphate-buffered saline (D-PBS; HyClone SH30264.01). Filter through a 0.22-μm filter, discarding the first 10 mL. Make 200-μL aliquots, and store at −20˚C.
